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Introduction
	
	 Trauma is a significant cause of morbidity and mor-
tality in Australia, with 87,887 trauma related admissions in 
2004/5[1]. Polytrauma frequently involves traumatic brain injury 
(TBI), which can be divided into primary and secondary pro-
cesses. Primary injury is immediate and irreversible, caused as a 
direct result of the force of the trauma[2], whilst secondary injury 
occurs from minutes to weeks after the initial trauma, as a result 
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Abstract
Objectives: Injured patients requiring intubation usually undergo rapid sequence induc-
tion, which has the potential to exacerbate physiologic instability. This study aimed to 
identify the physiological characteristics and induction agents of trauma patients intu-
bated in our Emergency Department, and investigate whether the choice of ketamine or 
thiopentone was associated with better outcomes.
Methods: This was a retrospective study of 96 patients identified from the trauma data-
base at a tertiary teaching hospital. Trauma patients intubated in the emergency depart-
ment with either ketamine or thiopentone were included. We examined the association 
between the patient’s functional status at hospital discharge or 6 months (whichever was 
sooner), the induction agent, and other recognized prognostic variables such as Glasgow 
Coma Score, blood pressure and oxygen saturation.
Results: 148 patients were intubated during the study period, 96 of who were eligible 
for inclusion. 56 were intubated with thiopentone and 40 with ketamine. Fifty percent of 
patients in each group were eventually discharged from hospital at their baseline level 
of function. On univariate analysis, survival rates were similar whether induced with 
ketamine or thiopentone (85% vs. 77%, p = 0.33), as were rates of independent living at 
discharge (75% vs. 73%, p = 0.82). Systolic blood pressures were lower in the ketamine 
group (p < 0.01). Increasing age (p < 0.01), reducing GCS (p < 0.01), and an abnormal 
cerebral CT scan (p = 0.03) were all significantly associated with a poorer outcome.
Conclusion: No difference in outcome was seen whether patients were intubated with 
ketamine or thiopentone in this small retrospective cohort.	
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of ongoing systemic insults[3]. A sub-set of severely injured trau-
ma patients require intubation to maintain a patent airway and 
allow adequate ventilation in order to limit the extent of second-
ary brain injury, or to facilitate further care, such as imaging and 
radiological or surgical intervention. Intubation in these cases 
usually involves rapid sequence induction (RSI), although the 
agents used to facilitate intubation may result in hypotension, 
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and delays in, or failure of, the procedure can cause hypoxia. 
Therefore it is important to balance the risks and benefits of the 
procedure, and to tailor the drug regimen used to minimize the 
likelihood of adverse events.
	 Clinical parameters, such as lower Glasgow Coma 
Scores (GCS), hypotension &hypoxia are known to affect the 
outcome of intubated trauma patients[4-10], but there is little data 
analyzing the effect of choice of induction agent on outcome.  
More specifically there is no comparison of ketamine and thio-
pentone as induction agents in the trauma setting.  
	 Until recently, ketamine has been regarded as relatively 
contra-indicated in head injured patients, on the basis of reports 
published in the 1970s, demonstrating that it increased intracra-
nial pressure (ICP)[11-13].  However, these studies were of poor 
methodological quality, and increases in ICP were only seen in 
those with obstructed CSF pathways. The external validity of 
these studies to trauma is questionable, and later studies of ket-
amine for sedation of head injured patients in ICU have shown 
that whilst it may produce minimal increases in ICP, cerebral 
perfusion pressure is maintained, as mean arterial pressure is 
also higher[14,15]. This maintenance of mean arterial pressure is 
a theoretical advantage in a population where the potential for 
hypotension and brain injury co-exist[16,17].
	 Thiopentone is a potent barbiturate that has been wide-
ly used for RSI for decades. However, due to myocardial depres-
sion and venodilation[4] it commonly causes a reduction in mean 
arterial pressure[17-20], and so may theoretically be associated 
with worse out comes in traumatic brain injury.
	 Given the risk of thiopentone-induced hypotension, 
and the questionable nature of the evidence that ketamine is con-
traindicated in head injured patients, there is a theoretical benefit 
to using ketamine as an induction agent in trauma patients.
Consequently, this pilot study was conducted, with the following 
aims:
1) To identify and describe the characteristics and outcomes of 
trauma patients who are intubated in our Emergency Depart-
ment,
2) To identify the agents used to facilitate intubation, and
3) To investigate which characteristics and induction agents are 
associated with better outcomes in this cohort?

Methods

Setting
	 This study was performed at the Emergency Depart-
ment of an 855-bed tertiary care hospital in Sydney, with an 
annual census of 75,000 presentations per year, including ap-
proximately 350 patients with an injury severity score (ISS) of 
greater than 12. The Human Research Ethics Committee of the 
South West Sydney Local Health District approved the study, 
and waived the need for informed consent.

Data sources
	 All trauma patients requiring intubation from January 
2011 to December 2012 were identified from hospital’s Trauma 
Registry. The following inclusion criteria were used: (1) patients 
presenting to the Emergency Department following trauma (2) 
aged 18 years and older, (3) requiring intubation whilst in the 
ED.  
	 Exclusion criteria were: deceased within 1 hour of ar-

J Anesth Surg     |     volume 3: issue 2

Ketamine or Thiopentone as the Induction Agent

www.ommegaonline.org

rival; intubated prior to arrival in the ED; intubated subsequent 
to transfer from the ED; patients intubated for burns and/or 
transferred to another centre. 

Variables and outcomes
	 The primary outcome was the functional status at hos-
pital discharge, or six months post-injury, whichever was soon-
er. This was gained from information in the medical record ex-
tracted by a single investigator (AW), with cross-checking of a 
pre-determined selection by a second investigator (IF), as well 
as adjudication by the second investigator in all cases of doubt. 
Patients were classified into the categories shown in (Table 1).

Table 1: Functional status at discharge or six months.
Group 1 Dead
Group 2 Functionally dependent
Group 3 Able to live independently, but not at baseline level
Group 4 Return to baseline level of function

	 The following data variables were collected: patient 
age and sex, mechanism of injury (blunt or penetrating), GCS 
on presentation to the ED, lowest GCS before induction, blood 
pressure on presentation, lowest blood pressure in ED, lowest 
oxygen saturation in ED, induction agent and CT brain findings 
(dichotomised into formally reported as normal or abnormal). 

Data analysis and sample size estimate
	 All data were analyzed using Stata version 11 
(Statacorp, TX, USA). As there was no data on which to base 
a power calculation, we used the logistic regression ‘rule of 
thumb’ aiming for 10 patients for each independent variable, 
giving a sample size of 10020. Univariate analysis was conduct-
ed using the Chi squared test for proportions and independent 
t-tests for normally distributed continuous data and Mann-Whit-
ney u-test for non-normal continuous data. Logistic regression 
analysis was then conducted using a dichotomised composite of 
the primary outcome as the outcome variable (groups 1 & 2 – 
dead or dependent, versus groups 3 & 4 - living independently). 
Variables with P < 0.25 on univariate analysis were included in 
the baseline multivariate logistic regression model. 

Results

	 A total of 148 trauma patients were identified as be-
ing intubated over the 24-month study period.  Thirty-two of 
these were excluded: 4 patients were intubated outside the ED, 
25 were intubated for burns and two for toxidromes, rather than 
trauma. One patient died within one an hour of presentation. Two 
patients were given both ketamine and thiopentone prior to in-
tubation and were also excluded. Of the remaining 116 patients, 
56 were intubated using thiopentone, 40 with ketamine, 16 with 
propofol and 4 without any induction agent. In keeping with the 
aims of the study, only the patients who received ketamine or 
thiopentone were included in the analysis. Demographic data 
and clinical parameters are outlined in (Table 2). Patients in the 
ketamine group had significantly lower systolic blood pressure 
compared with patients who received thiopentone (initial SBP 
119 vs. 137 mmHg p < 0.01; lowest ED SBP 88 vs. 107 mmHg 
l, p < 0.01) but otherwise had similar characteristics.
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Table 2: Characteristics of patients in the ketamine and thiopentone 
groups.

Ketamine 
Group 
(n = 40)

Thiopentone 
Group
 (n = 56)

p-value

Male Sex (%) 70% 80% 0.26
Age (median; IQR) 40 (24 - 59) 44.5(29 - 67) 0.38
Mechanism: Blunt 83% 91% 0.24
Admission GCS 
(median; IQR)

10 (8 - 14) 9.5 (5.5 - 13) 0.35

Lowest GCS (median; 
IQR)

10 (7.5 - 13) 8 (4.5 - 13) 0.12

Admission systolic blood 
pressure, mmHg 
(median; IQR)

119(106-40) 137(119-171) < 0.01

Lowest systolic blood 
pressure, mmHg 
(median; IQR)

88 (70 - 114) 107 (94 - 133) < 0.01

Lowest O2 saturation 
(median; IQR)

98 (90 - 100) 98 (95 - 100) 0.45

Abnormal CT scan 38% 46% 0.43

	 In the unadjusted analysis, mortality was similar in 
the ketamine and the thiopentone groups (15% versus 23%, p = 
0.33) and approximately 50% of patients in each group returned 
to baseline function at discharge(Table 3). In the logistic regres-
sion after allowing for all other variables, there was no differ-
ence in functional outcomes between the two induction agents, 
with an odds ratio for a poor functional outcome (dead or mod-
erate to severe disability) if induced with ketamine of 0.51 (95% 
CI 0.14 - 1.93).

Table 3: Patient functional status by induction agent (unadjusted).
Ketamine Thiopentone

Dead 15% 23%
Functionally dependent 10% 4%
Able to live independently, but not 
at baseline level 27% 21%

Return to baseline level of function 48% 52%

	 Factors that were associated with poorer functional 
outcomes in the logistic regression were increasing age, lower 
GCS, and an abnormal cerebral CT scan. The odds ratio for a 
poor functional outcome was 1.05 per year increase in age (95% 
CI 1.02 - 1.09). For every one point increase in the lowest GCS, 
the odds ratio of a poor outcome was 0.72 (95% CI 0.59 - 0.88), 
and the odds ratio for a poor outcome with an abnormal CT was 
3.99 (95% CI 1.12 - 14.14) (Table 4).

Table 4: Logistic regression using poor functional outcome (died or 
dependent).

Group 3&4
Odds 
Ratio

95% confidence 
interval

p value

Age (increase in one yr) 1.05 1.02 - 1.09 ≤ 0.01
Lowest GCS (increase 
in one point)

0.72 0.59 - 0.88 ≤ 0.01

Abnormal CT 3.99 1.12 - 14.14 0.03

Limitations
	
	 Our study was a retrospective cohort, and so is subject 
to possible bias. The use of the case files to determine outcomes 
is less reliable than clinical review or telephone follow up, but 
we used broad end-points, which we would argue are relevant to 
patients, and feel that this was acceptable.

Discussion

	 The patients intubated following trauma in our centre 
were a critically ill cohort, with only 50% of them returned to 
the baseline function by six months post injury. The majority of 
patients were young men, suffering from blunt trauma, typical 
of the demographics seen in Australasian trauma centers. Given 
this demographic, the societal burden of incomplete recovery is 
high, and any improvement in outcomes is likely to have signif-
icant economic, as well as clinical benefit.
	 Our study shows that thiopentone remained the most 
frequently used induction agent in trauma at our centre, with ket-
amine being the second most popular agent. We found that the 
main difference between patients induced with thiopentone and 
ketamine was that those who received ketamine had significant-
ly lower blood pressure in the ED. This most likely represents 
clinician choice guided by the patient’s physiological status, 
with ketamine used more frequently in patients who are hae-
modynamically unstable. Both the unadjusted analysis and the 
logistic regression showed a no difference in discharge outcome 
based on the induction agent. 
	 Our data confirms the association of a lower GCS, in-
creasing age, and an abnormal CT scan with poorer outcomes 
in trauma patients, but we did not show poorer outcomes asso-
ciated with hypoxia or hypotension. The former may reflect the 
relatively low prevalence of hypoxia in our study. It is possible 
that both hyper- and hypotension are associated with poorer out-
comes, as some patients with severe isolated head injuries may 
exhibit a Cushing response, which may explain the lack of asso-
ciation between low BP and poor outcome in our study. 
	 The major limitation of our study was the use of a ret-
rospective cohort methodology. Because the choice of induction 
agent appeared influenced by baseline blood pressure, we were 
unable to determine the independent influence of the induction 
agents on our outcome of interest. However, our data does pro-
vide important information to better inform researchers in plan-
ning a randomized trial to further investigate this issue.

Conclusion

	 This small, retrospective pilot study shows that trauma 
patients intubated in the ED are a critically ill cohort, and that 
thiopentone and ketamine are the most frequently used induc-
tion agents for this group.  However, there was no evidence that 
the use of either ketamine or thiopentone had any independent 
influence on patient outcome, and consequently at present the 
choice of agent should continue to be guided by the experience 
of treating clinicians. Prospective study, ideally a randomized 
controlled trial, is needed to definitively answer the question of 
whether the choice of induction agent influences outcome in the 
trauma patient requiring intubation.
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